SUMMARY Three patients with spasmodic torticollis following VIII nerve lesions (VIII-ST) underwent quantitative assessment of their sternomastoid EMG during vestibular (otolith and semicircular canal) stimulation. The results were compared with a normal control group and with six patients with idiopathic spasmodic torticollis (ST). Backwards tilt of the VIII-ST patients resulted in a marked increase in the EMG, especially in the more affected sternomastoid, whereas this manoeuvre did not have a significant effect in normal subjects, or had a variable effect in the ST group. These results suggest that those with torticollis following VIII nerve lesions are a distinct group. Since there was no relationship between the side of the VIII nerve lesion and the direction of the torticollis a direct aetiological link between the two is, however, unlikely. The unusual EMG/tilt responses are explained on the basis of peripheral imbalance of utricular signals (maximal in the supine position) in the presence of central deranged processing of information concerning head posture. 
lesions7-10 we studied three patients in whom torticollis followed an insult to the vestibular system (VIII-ST) in an attempt to (fig 1) . The greatest difference between the three groups tested was found during backwards tilt with the head free. In normal subjects the effects were negligible but in the VIII-ST patients a marked increase of EMG activity usually occurred. This was related to the degree of tilt and was maximal in the muscle most affected clinically (fig 2) . Two of the three patients were tested on more than one occasion with similar results. In no case did a spasmodic torticollis patient have a comparable enhancement of the EMG in the more affected muscle. On the contrary, two spasmodic torticollis patients had a significant reduction of muscle activity as they were tilted backwards ( fig  3) . Activity in the clinically less affected muscle activity was not altered by this manoeuvre in five of the six spasmodic torticollis patients. During 450 tilt backwards or forwards with the head clamped, neck EMG usually increased in the VIII-ST patients. This effect was also commonly seen in the spasmodic torticollis group but not in the normal control group. Since spasmodic torticollis patients did not show EMG enhancement during sagittal tilt with the head free it is impossible to say how much of this effect was due to the tilt and how much due to the forced fixation of the head. Eye opening or closure did not affect the sagittal tilting responses.
Tilt in the coronal plane also had to be carried out with the head clamped. During this experiment all groups produced a similar pattern of E-MG responses. Thus when the subjects were tilted to the right it was mainly the right sternomastoid which was activated as if opposing the tendency of the head to turn passively in that direction and vice versa on tilting to the left. This response was more prominent in both patient groups than in normal subjects and specially in the clinically more affected muscles. Although the subjects were encouraged to relax it is not clear whether this EMG modulation was the result of voluntary or involuntary activity.
During rotational tests on consistent modulation of the EMG was found in the normal subjects or the VIII-ST patients. Some spasmodic torticollis patients, however, did have a rotational modulation of their muscle activity. From what is known of the vestibuloocular and vestibulo-cervical reflexes, it is conceivable that during acceleration say to the right, the head would turn to the left. Thus, it was considered that EMG modulation consistent with stimulation of the horizontal semicircular canals occurred either when the muscle ipsilateral to the direction of the acceleration increased its discharge or the activity in the contralateral muscle diminished (table 6) . If a change of 10% is considered significant a consistent EMG modulation occurred one in eight instances (12%) in the normal subjects, one in six (16%) in the VIII-ST cases and six in 11 (55%) in the spasmodic torticollis patients. There was no systematic optokinetic modulation of the EMG in any group nor were there any consistent differences in the frequency content (power spectra) of the EMG in the various groups. Highest levels of activity were in the region between 50-90 Hz with minimal power beyond 200 Hz.
Discussion
The possible existence of a link between spasmodic torticollis and the vestibular system has interested neurologists for a long time6-12 and, not infrequently, isolated cases of otogenic spasmodic tor- The present investigations show that the three VIII-ST patients differed in their postural control from the cases of idiopathic spasmodic torticollis and normal subjects. In particular the response of the cervical muscles to backwards tilt with the head free was consistently different in the three groups of subjects studied. In the normal controls this manoeuvre did not modify the resting EMG and in the spasmodic torticollis group either it did not change the activity significantly or reduced it. In the three VIII-ST patients neck EMG was markedly enhanced especially that from the more affected sternomastoid. It is known from animal studies that these effects are probably dependent upon otolith macular activity.
Magnus' described static vestibular reflexes in which maximal tonus in the decerebrate preparation occurred in the supine position and minimal tonus while prone. More recent studies have indicated that it is in these positions that macular units reach their maximal and minimal firing frequencies respectively.'3 14 Since the utricular macula is approximately horizontal when the animal is standing this position is also the point of optimal sensitivity, that is maximal change of discharge frequency per angle of head deviation relative to gravity.
It is reasonable to expect that during backward tilt macular discharge will activate both sternomastoids in order to keep the head upright or at least, in the absence of a supporting surface, to keep it aligned with the trunk. Clearly, if one VIII nerve is sectioned, tilt backwards will produce a maximal imbalance of macular input to the CNS since one macula will greatly increase its activity while the other is silent. Such a patient who also has spasmodic torticollis may be reasonably compensated in the upright position because the remaining utricle is in its optimal position for signalling changes of linear acceleration and is discharging at a moderate rate.
The situation is different in the supine position. In these circumstances the utricular macula will be at its maximal firing frequency and minimal sensitivity. Unilateral absence of vestibular function in otherwise neurologically normal subjects does not seem to produce a significant increase in the EMG; in three such patients tested sternomastoid EMG increased by a factor of 1 22 in the muscle contralateral to the vestibular loss and 1 09 in the ipsilateral one (median values) when tilted from 0 to 900 (unpublished observations). However, in the presence of deranged processing of head/eye position information such as occurs in spasmodic torticollis, this could well lead to a pathological enhancement in the neck EMG discharge. Thus, it is likely that the abnormal tilt/EMG reaction present in the VIII-ST group is due to the unique combination of two different factors: imbalance of peripheral macular signals and perverted central processing of the information concerning head orientation. Evidence for this latter factor stems from two sources. First there is a high incidence of vestibulo-ocular abnormalities as shown in a previous review of patients with spasmodic torticollis. 
